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1000‐1600°C at onset of
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Reflood from 1400°C









Oxidation of crack surfaces
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by the oxide scale


















































































 E110 Transition from (sub-) 
parabolic to linear 
kinetics after critical 










Similar kinetics of all 
alloys before transition, 
but strongly varying 
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1 hour at 1200°C in steam 1 hour at 1200°C in air


















1 – initially formed dense oxide ZrO2
2 – porous oxide after oxidation of ZrN
3 – ZrO2 / ZrN mixture
4 – -Zr(O)




Zry-4, 1 hour at 1200°C









Strong effect of nitrogen on oxidation and degradation
Institute for Applied Materials22
50/50 steam/N2










































)(8)()(2)(8 223224 gHgCOlOBgOHCB  ‐760 kJ/mol
)(2)( 2232 gHBOgOHOB 
‐987 kJ/mol
+341 kJ/mol
)(4)()(2)(6 243224 gHgCHlOBgOHCB 
Release of hydrogen, various carbon‐containing gases
Institute for Applied Materials24








1200 °C  Framatome














































0 500 1000 1500 2000
0.00
Time, s



















































1500°C (1) 1600°C1500°C (2)






















































  0 100  0
  0  0 100
  100  0  0
  5 95  0





























































Failure of AgInCd absorber rod
Different failure mechanisms: from local failure with melt release to 
global detonation depending sample geometry
Failure temperatures always above 1200°C due to interaction of 
SS with Zry-4 and high vapor pressure of Cd
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Neutron radiographs
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• generation of Ag, In, Cd aerosols
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Both absorber materials initiate early melt formation and melt relocation
connected with local core damage and transport of material and heat to the 
lower part of the bundle at comparable temperatures (>1250 °C). Additionally, 
AIC and B4C have a strong impact on FP chemistry.
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Finally…
18th International QUENCH Workshop
You are invited to the
Karlsruhe Institute of Technology
20‐22 November 2012
http://quench.forschung.kit.edu/
Institute for Applied Materials36
Thank you for your attention!
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